INTRODUCTION
In the large-scale pumping station project in China, the vibration problems of pressure pipeline commonly exist. The long-term and large-amplitude vibration of pressure pipeline can result in fatigue damage to the pipeline, which has a serious influence on the safety operation of waterpumping system and the normal benefit, and even leads to the failure of the structure function of pipeline as well as of its ancillary equipment [1] . So attention must be paid to it. There are many reasons for the vibration of pumping station pressure pipeline, including special operation states, the flow pattern inside pipe, and the arrangement form of buttresses etc. According to the pipeline vibration theory, pipeline vibration is divided into two systems: pipeline system and fluid system [2] . Many scholars at home and abroad have been studying vibration problems for a long time, and achieved considerable progress [3, 4, 5, 6] . Paidoussis [7] reviewed the research results of the analysis for nonlinear vibration of fluid-solid coupling of pipeline [8, 9, 10] in detail;
Wood [11] and Williams [12] conducted the theoretical and experimental researches on the influence of pipeline movement respectively, and found that pipeline movement had a great influence on water hammer pressure; Vardy [13] made experiments and calculations to "T"-sharped pipeline system and discovered that coupling effects between liquid and pipeline seriously influenced pipeline vibration response.
Although theoretical researches on pipeline vibration have already achieved remarkable progress, the practical vibration problems of pressure pipeline are very complex. For the constructed pipeline structures, in order to improve the anti-vibration performance, the needed structure parameters including damping coefficients and boundary conditions can be determined by tests.
In addition, intensity, spectrum and even dynamic response of pipeline vibration can also be determined by tests so that we can find the source of vibration and analyze the feasibility of applying vibration isolation, vibration absorption, vibration resistance and other damping technologies to practical engineering. Thus, the research on the in-situ test [14] for vibration of pressure pipeline in the pumping station has great significance for obtaining accurate design parameters and achieving the safety and economic operation of pumping stations.
The common methods for the test of pipeline vibration are electric measurement, mechanical method, optical method and so on, most of which are applicable to the test of crack position, welding defects, corrosive wear, instability and other problems of pipeline and its equipment [15] .
However, for the vibration in-situ test of pressure pipeline of the running pumping station, the researchers are still a few, and they are not as deep and extensive as those on the test and analysis of equipment vibration. There is no assessment standard for pipeline system vibration either, and the test systems are relatively few. In addition, traditional test devices of pipeline vibration mainly consist of various hardware instruments. Besides the sensor and amplifier, specialized equipment for vibration recording and analyzing are also needed, such as oscilloscope, signal analyzer, and spectrum analyzer and so on. Therefore the entire system is complicated and costly and only has single function and weak reconfiguration [16, 17] . Thus, this article abandons traditional test methods, applies DASP system to the vibration in-situ test of pressure pipeline of pumping station and analyzes the vibration of pipeline under specific running conditions.
II. DASP TEST SYSTEM
DASP is the integrated test and processing system for vibration, noise test and engineering. It is a virtual instrument storehouse integrating data acquisition, data display, oscilloscope, signal processing, vibration analysis, model analysis, fault diagnosis and many other functions. It has the features of high-integration, multi-function, simple-operation, and high-measurement precision etc. [18, 19, 20] . The system mainly consists of vibration pickup, data line, acquisition front, DASP analysis software, and computer. Figure 1 shows the system connection. Vibration sensor adopts the 891-2 vibration pickup, the configuration of DASP-V10 system, which can be connected with the recording instrument and data acquisition system. It can be set at accelerated-speed, medium-speed, high-speed and low-speed, respectively corresponding to 1#~4# gears. According to the site conditions and test purposes of the vibration in-situ test of pressure pipeline of pumping station, the gear is switched to 2#, and the corresponding measurement parameters are shown in Table 1 . The vibration pickups are placed at the positions which need to be tested. Before the test, 6 groups of vibration pickups, totally 18, should be encoded and registered one by one. The 1#~3# data lines correspond to the first group of vibration pickups, and respectively correspond to the three directions of the vibration pickups, namely x, y and z. The others are put in the similar way. The specific arrangement is shown in Figure 4 . while frequency-domain analysis [23, 24] expresses the signals with the frequency-axis coordinate, which is more concise and convenient, and the cross-spectrum [25] is one kind of frequency-domain analysis.
b.i. Time-domain analysis
The collected data of the 18 vibration pickups correspondingly generate 18 oscillograms, which can be analyzed with time-domain analysis. This paper selects 4 of them as the representatives, and intercepts the waveforms of 0~1.2s to generate images, as shown in Figure 5 .
Figure 5 Generated images of waveforms of time-domain analysis
In Figure 5 , the differences among oscillograms of test points are obvious. We use DASP analysis software to conduct the cross-correlation analysis on the vibration signals in the directions of x, y, z of each position of the pipeline, and use instantaneous rolling analysis in parameter setting. Table 2 shows the calculation results of correlation. In order to further analyze the test points accurately, the time-domain indexes are calculated by statistics. The results are in Table 3 . From the analysis on the means, the mean velocities of all the test points except 4# are near zero.
In Figure 5 , it can also be seen that the waveform of 4# test point is rather special, deviating from zero baseline. The mean velocity of 4# test point is 5.10 mm/s. From Table 2 , we can know that the vibration of 4# test point is stronger. It makes the vibration pickups vibrate intensively and slightly slid off the relative positions of the test points, which leads to the signal baseline-drifting.
We can compile the waveform through waveform pluses/subtraction a direct-current value, and then the signal baseline can be moved to zero, which has no influence on signal analysis. 
VI. CONCLUSIONS
The vibration signals of 2# pipeline of the general trunk third pumping station in Jingtai electric project have good observability and some differences. The vibration of 5#&6# test points located at elbow is stronger and the vibration of 2#&13# test points at the pumps' outlets is also intense.
If resonance, it will causes serious harm to the pipeline. While it can be seen from the crossspectrum analysis that the running noise of pumping station has little influence on the vibration of pipeline, thus it should focus on the pumps' outlets to solve the vibration problem of pipeline. 
